This paper investigates the implications of the addition of differential population dynamics to a simple 2 Â 2 Â 2 model of international trade within an overlapping generations framework. The two regions considered are assumed to be identical in every respect except for the way their populations evolve over time. The effects of these demographic differences are explored by comparing autarky and trade on the basis of (i) the analytical solutions obtained for the steady-state values of key variables and (ii) the paths of these variables plotted using numerical results from simulation experiments carried out under two different demographic scenarios. Unequal population dynamics are shown to affect the relative abundance of the factors of production in each region, giving rise to differentials in wage rates and rentals for capital under autarky conditions. This, in turn, causes costs of production and relative prices to differ, creating the grounds for trade in the sense of Heckscher-Ohlin (HO). Yet, the results reveal that static HO results cannot be generalized to hold in a dynamic setting where differences in demographics cause factor proportions to evolve independently of trade over time. r
Introduction
The standard 2-country, 2-commodity and 2-factor (2 Â 2 Â 2) Heckscher-Ohlin (HO) model of international trade views the differences in relative factor endowments across countries and differing factor intensities in the production of commodities as the source of comparative advantages. Predicting that trade would generate welfare gains for both parties by creating incentives for more efficient use of resources, this simple model has provided the grounds for a vast number of theoretical and empirical studies. Yet, few studies in the literature have investigated the validity of predictions of the standard HO model in a dynamic frameworkpossibly because trade between two countries that are identical except for the initial capital/labor ratios would only last until these ratios have been equalized as a result of trade itself (Chen, 1992) . Studying dynamic patterns of trade would still be worthwhile, as long as there are differences which would cause factor proportions to evolve independently of trade over time. Differential speed of demographic transition and the resulting differences in population growth rates across countries provide an actually observed example to such differences. Even though some studies in the dynamic trade/growth literature recognized this role of unequal rates of population growth early on (Oniki and Uzawa, 1965; Findlay, 1970; Deardorff, 1987) , this issue has not received enough attention in the literature (Sayan, 2002) .
Recent demographic projections by the UN (2001) indicate that the effects of unequal population growth rates on trade deserve and are likely to receive more attention from now on. By these projections, the dissimilarities already existing between relative factor endowments of capital-abundant nations (in North America, Europe and East Asia) and the rest of the world are expected to grow in the decades ahead. If the marked differences in the pace of reductions in fertility (and hence, population growth) rates in the relatively capital-and labor-abundant parts of the world are to conform to these projections, not only the labor forces will become more divergent but also greater variations will be observed in the age profiles of populations. Since changes in the age composition of a nation imply additional changes in relative factor endowments (Kenc and Sayan, 2001 ), demographic differences potentially emerge as major determinants of regional commodity and factor flows.
Exploring the direction and magnitude of likely changes in these flows ahead requires an analytical framework that adds the demographics to the HO model. Even though multi-sector growth models of Oniki and Uzawa (1965) and Findlay (1970) are capable of indicating the directions and magnitude of changes in trade flows in response to changes in capital/labor ratios, they could not show the effects of changes in the age composition of population on relative endowments. To address these, an overlapping generations general equilibrium (OLG-GE) framework would be needed.
In an early attempt in this direction, Fried (1980) used a two-generation OLG-GE model with one factor of production to compare steady-state solutions under free trade and autarky. Buiter (1981) , Eaton (1987) and Galor and Lin (1994) also used OLG-GE models to study trade and related issues. Galor and Lin (1997) studied the microeconomic foundations of the HO model in an OLG-GE setup by considering two countries with different time preference rates. Later, the two-sector OLG model in Galor (1992) was extended to a two-country setup by Guillo´(2001) and Mountford (1998) , who studied different implications of a dynamic structure for the HO model. All these studies, however, either completely overlooked possible growth of populations in respective nations or assumed populations growing at identical and constant rates.
1 Most recently, Jelassi and Sayan (2004) provided closed-form solutions for the long-run trade equilibrium in an HO model by considering two OLG economies differentiated by constant rates of population growth alone, but their solutions do not allow for the observation of transition paths of variables.
Numerous applied OLG-GE models have also been constructed following Auerbach and Kotlikoff (1987) to investigate the implications of changes in oldage dependency ratios for labor supply, savings and fiscal balances (see Miles, 1999 for a survey). Yet, due possibly to computational difficulties, relatively few studies have extended this framework into multi-country settings. A particularly notable example was INGENUE Team (2001) where international capital flows induced by differential demographic dynamics in six regions of the world are studied. Despite extensive regional coverage of the model, INGENUE researchers considered a single commodity, avoiding the discussion of trade. In a 3-commodity model, Kenc and Sayan (2001) investigated the transmission of the effects of population aging in the EU onto the small, young population economy of Turkey through trade and capital flows.
The purpose of this paper is to investigate the implications of regional differences in population dynamics for trade within a 2-commodity/2-factor OLG framework. For this purpose, the paper considers a two-region HO world where the consumers in each region have identical preferences over two goods requiring different capital intensities to produce, but with each region using exactly the same technology for the same good. Unlike the static HO model where the regions are distinguished only by their initial capital/labor ratios, we assume that each region is equally well endowed in capital and labor initially, but let relative factor endowments get differentiated across regions over time by introducing regional differences to the way that populations (and hence, labor supplies) grow. In order to capture the additional changes to be observed in relative factor endowments due to the differing speed of population aging, each region is assumed to be populated by two overlapping generations of individuals. The effects of differences in population growth rates on the steady-state values of key variables as well as their paths to the long-run equilibrium are captured through simulation experiments based on two different population growth scenarios repeated under autarky and trade conditions. The first scenario involving gradual disappearance of the initial differences in population growth rates is more realistic but not as tractable analytically as the other one 1 In a study that is notable for its treatment of population growth in an OLG-GE framework, Tosun (2003) considers an economy that is open to capital flows but ignores trade while investigating the effects of demographic transition on fiscal policy formation.
involving constant and distinct growth rates. To the best of our knowledge, this first scenario has never been considered in a similar context in the literature before -for the economywide effects of declining population growth rates in single country setups, see Holtz-Eakin et al. (2004) and Tosun (2003) .
The results obtained are generally but not invariably consistent with the static HO framework. As predicted by the static HO model, the region that becomes relatively better endowed in a factor specializes in the production of (and exports) the commodity requiring more intensive use of that factor. Contrary to those predictions, however, trade would not necessarily lead to welfare gains for both countries and might not even be Pareto superior to autarky. Similar results have previously been obtained with OLG models with stationary populations (Fried, 1980; Galor, 1988; Mountford, 1998) , and the findings in this paper add inequalities in the population growth rates to the list of reasons explaining why trade may not improve welfare for both parties in a dynamic setup. They also provide the grounds for a rich discussion on possible consequences of the differential speed of demographic transition in various parts of the world.
The rest of the discussion is organized as follows. The next section sets out the model. Section 3 describes simulation experiments, presents results and discusses their robustness. Section 4 concludes the paper by assessing the implications of results.
The model
This section first describes the prototype autarky model, and then, the two-region model used to solve for the long-run equilibrium under free trade. Both regions are assumed to produce the same two commodities by employing identical production technologies for each commodity, as in the basic HO model. Likewise, preferences of the corresponding generations are assumed to be the same in both regions. While the initial endowments are also assumed to be the same across regions, relative endowments deviate over time, due to the differences in population dynamics.
Prototype autarky model and closed-form solutions
The model used to describe the long-run autarky equilibrium in each region is an infinite horizon OLG-GE model with perfect foresight. Since the regions considered (regions A and B) are assumed to be exactly the same in every respect but the population growth characteristics, it would be sufficient to list the assumptions that are common to both regions and write the equations without the superscripts to distinguish them.
Each region is populated by individuals who live for two periods. At an arbitrary period t in time, two types of individuals are alive in each: 'youngs' who were just born and are living the first period of their lives, and 'olds' who were born in the ARTICLE IN PRESS previous period and are living the last period of their lives. Each young is assumed to have ð1 þ nÞ children during the first period of life so that population grows at the rate of n:
2 Furthermore, the individuals work only when young, each inelastically supplying a fixed amount of labor, and retire in the second period of their lives. Production, exchange and payments are assumed to be made at the end of each period. So, a young born in period t bears children and works in the same period, earning a labor income at the rate of w t ; and decides how much to consume and how much to save. In period t þ 1; he makes his savings, A tþ1 ; available to firms and earns r tþ1 A tþ1 ; where r tþ1 is the rental rate on capital in period t þ 1: He consumes all of ð1 þ r tþ1 ÞA tþ1 in period t þ 1; since no intergenerational transfers like bequests are allowed.
Letting N t denote the number of individuals born in period t; one can write
where n denotes the population growth rate. Within this framework, production and consumption decisions in each economy over t ¼ 0; 1; . . . ; s as s ! 1 are characterized as follows:
Production: Two commodities indexed by i 2 f1; 2g are produced by using capital ðKÞ and labor ðLÞ according to constant returns to scale Cobb-Douglas technologies. The parameters of production functions are different across sectors but identical across regions for each sector. Thus, total sectoral outputs at time t; X it ; can be expressed in per worker terms as
where
is the amount of capital per worker in sector i and l it ¼ L it =N t is the amount of labor supplied by each worker in sector i: Since total labor supply at time t; L t ; is given by L t ¼ N tl ; withl representing the exogenous level of labor supplied by an individual,
which could be normalized to 1. Similarly, total capital stock in period t is divided between the two sectors yielding in per worker terms
It is assumed that capital stock does not depreciate over time and a is taken to be greater than b: a4b implies that commodity 1 is the relatively capital-intensive commodity, whereas commodity 2 is labor-intensive. Commodity 1 is assumed to serve both as a consumption good and as capital, whereas commodity 2 is used only for consumption purposes. Furthermore, commodity 1 is taken as the numeraire, and the price of commodity 2 at time t is denoted by p t :
The production sectors are assumed to be competitive so that the representative firm producing commodity 1 maximizes profits, p 1t ; by solving the problem
(6) First-order conditions for (6) and the corresponding problem for the representative firm producing commodity 2 yield the following expressions for sectoral demands for factors of production:
k 2t ¼ dk t À dp
and ¼ b a
; along with the following expressions for factor rental rates:
Consumption: An individual born at time t has a utility function of the form
2yt denotes the utility gained from consumption when young and C tþ1 ¼ C y 1otþ1 C 1Ày 2otþ1 denotes the utility gained from consumption when old. Thus, C iyt denotes the amount of commodity i consumed when young, and C iotþ1 denotes the amount of commodity i consumed when old, all in per capita terms. The representative individual makes consumption decisions by solving the following problem:
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where r tþ1 is the rationally anticipated return to capital in period t þ 1 and p tþ1 is the rationally anticipated price of commodity 2 in period t þ 1: The solution of this problem yields the following expressions for sectoral consumptions by generations:
Furthermore, the following conditions are required to make sure that the initial period consumption of old agents (who would normally finance their consumption out of previous period's savings) is compatible with the initial conditions for each sector:
Equilibrium conditions: Since olds consume all their wealth in the current period, only capital transferred to the next period is the savings of the current young, implying that
which can equivalently be expressed in per worker terms by dividing both sides of (18a) through N tþ1 and remembering (14) and (15) as
Dynamic equilibrium requires the clearance of goods' markets in each period t so that
Since Eqs. (19) and (20) imply each other by Walras' Law, one of them can be dropped and commodity market equilibrium can be captured by reexpressing Eq. (20) in per capita terms as follows:
A perfect foresight equilibrium can now be defined formally as a sequence of relative price-capital stock per worker pairs fk t ; p t g s t¼0 with s ! 1 at which: firms maximize profits at every period t by employing k it units of capital (Eqs. (9) and (10)) at the perfectly competitive rental rate r t (one of the equations in (12))
and l it units of labor (Eqs. (7) and (8)) at the perfectly competitive wage rate w t (one of the equations in (13)) to produce sectoral outputs (Eqs. (2) and (3)), the utilities of young and old agents are maximized at every period t with sectoral consumptions given by Eqs. (14)- (17), the market for good 2 is cleared at every period t (Eq. (21)) with the clearance of the other market assured by Walras' Law, while the dynamics of capital stock at time t þ 1 is satisfied for all t (Eq. (18b)).
The equations referred above are needed together to numerically determine the time paths of sectoral outputs, x i ; sectoral employment of capital and labor, k i and l i ; economywide capital stock per worker, k; factor rentals, w and r; relative price ratio, p; and sectoral per capita consumptions by generation, C iy and C io ; with each path having s þ 1 values for t ¼ 0; . . . ; s; amounting to 14ðs þ 1Þ individual values to be determined. Considering the lagged nature of the relationship between capital stock per worker and the wage rate in Eq. (18b), and the appearance of w tÀ1 in (21), the number of equations will only be 14s þ 12; requiring that the initial values of sectoral capital stocks per capita (k 10 and k 20 ) be fixed.
3
It has been shown by Sayan (2003, 2004 ) that the steady-state value of the relative price ratio, satisfying p t ¼ p tÀ1 ¼ p s 40; exists and is unique for any given values of a; b; m; y between 0 and 1, and nX0: Given the difference equation that could be derived to match the path of p t to that of k tþ1 ; the steady-state values of k and other variables can be solved. The resulting expressions can then be differentiated with respect to n to observe the effects of population growth on the long-run autarky values of key variables which, in turn, will reveal the direction of trade to occur between two economies with different population growth rates when they become trade partners. As shown by Jelassi and Sayan (2003) 
These results unambiguously establish, concerning two OLG economies that are identical in every respect (including the initial factor endowments) but their population growth rates, that the economy with the lower (higher) population growth rate (i) will end up with a higher (lower) per capita capital stock at the steady state, 4 and hence, will become relatively capital-abundant (labor-abundant), (ii) will have a higher (lower) wage rate at the steady state, and hence, will have a relative cost advantage in the production of capital-intensive (labor-intensive) commodity, (iii) will have a lower (higher) rental rate at the steady state, and hence, will have a relative cost advantage in the production of capital-intensive (labor-intensive) commodity, and (iv) may have a lower or higher relative price for commodity 2 (in terms of commodity 1) depending upon the relative magnitudes of a and b -or, depending upon whether commodity 2 is relatively capital-intensive (aob) or labor-intensive ða4bÞ -in general.
Since a is taken to be greater than b to let the commodity that serves only as a consumption good (commodity 2) be the labor-intensive commodity here, (iv) above reveals that the region with a lower (higher) population growth rate will have a higher (lower) relative price for commodity 2 at the steady state. In the light of (i)-(iii), the labor-abundant region must be expected to have a comparative advantage in the production of the labor-intensive commodity.
The inferences (i)-(iv) made from the inequalities in (22) are qualitatively similar to the conditions set forth by the static HO model for two autarkic economies to enjoy mutual welfare gains from trade. Yet, these inequalities alone do not reveal anything about the welfare consequences of trade for the parties involved. Investigation of welfare consequences requires evaluation of the partial derivatives of consumption variables C iyt and C iotþ1 with respect to the population growth rate under trade. However, closed-form solutions obtained for the steady-state values under autarky offer hints concerning the ambiguous nature of possible welfare results. By these closed-from solutions, qc iy =qn is unambiguously negative for 8i at the steady state, but the same is not true for consumption of commodities 1 and 2 by the older generations (Jelassi and Sayan, 2003) . That is,
40 for a þ ð2a À 1Þr s o0;
The inequalities in (23) imply that the region to enjoy a higher utility under autarky will depend on the values of production parameters, and the steady-state value of the interest rate -which is determined by the entire set of system parameters itself (Jelassi and Sayan, 2003) . Furthermore, one would expect trade to lead to a common value for r s lying between steady-state autarky values to be observed in each of the low-and high-population growth economies. Given (23), such a tradeinduced change in r s may lead to an improvement as well as a deterioration in welfare relative to the autarky as previously suggested by Fried (1980) and Galor (1988) . 5 In fact, solution of the trade model in Jelassi and Sayan (2004) confirms this intuition, indicating that the signs of qc ios =qn will remain ambiguous as far as the
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5 Mountford (1998) also showed how the addition of a dynamic OLG structure to the standard convex 2 Â 2 Â 2 HO model can reverse the static implications of international trade in the long-run.
long-run equilibrium under trade is concerned. The simulations carried out with the model described in the next section produce further evidence that trade may lead to a deterioration in the welfare of low-population growth region, by also showing the paths of key variables to the steady state.
Trade
Letting regions A and B become partners in trade requires developing a twocountry trade model. In this section, the low-(high-)population growth region is assumed to be AðBÞ; and region-specific variables are tagged A and B in superscripts.
A natural result of free trade will be the equalization of (relative) prices in both regions in each period so that
In this setup, even when both regions start with the same initial populations and endowments of capital and labor, differences in population growth rates, n A and n B ðn A on B Þ; will let country AðBÞ become the relatively capital-(labor-)abundant region immediately after the first period. This is because of two reasons. First, the labor supply in region B increases faster than in country A: Secondly, since only the youngs are allowed to bear children, the share of youngs in the entire population of region B exceeds that in country A after the first period. This, in turn, implies that a greater (smaller) portion of the population in AðBÞ contributes to the capital accumulation process. As a result of this change in relative endowments, region A must be expected to export the relatively more capital-intensive commodity 1, while the labor-abundant region (region B) exporting the relatively more labor-intensive commodity 2. Then, the market clearing conditions in each region under autarky must now be replaced with the condition that the worldwide demand for each commodity is equal to the worldwide supply. This requires that the amount of commodity 1 (commodity 2) that region A exports (imports) be equal to the amount of commodity 1 (commodity 2) that region B imports (exports), or that the following equations hold -instead of Eqs. (19) and (20) of the autarky model:
: Formulated as such, the model does not directly allow for foreign direct investment and factor movements between regions. However, given that commodity 1 is used for both consumption and investment purposes, capital stock at time t comes from commodity 1 produced at time t À 1: Therefore, while the installed capital itself is immobile between countries, some of commodity 1 exported by region
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A in the previous period may be used as capital by the importing region B in the current period. 
Simulation scenarios and results

Scenarios and the simulation strategy
In order to observe the paths that endogenous variables would follow over time, the autarky and trade models described above have been simulated under two different demographic scenarios: under the first scenario, population growth rates, n A t and n B t ; were allowed to start with different initial values and decline at differing speeds across countries, whereas the second scenario considered distinct but constant population growth rates for each region, i.e., n
The 1950 values of average population growth rates for 'more-developed regions' and 'less-developed regions, according to the classification of UN (2001) were allowed to serve as the respective initial rates for regions A and B: The first scenario is obviously the more realistic one here. Even though the assumption that the population growth rates will remain constant over time is not consistent with empirical observations, the second scenario was retained for it produces better visibility for observation of the effects of differences in population growth rates.
Simulation of the autarky and trade models requires that a set of common values be chosen for production and utility parameters, and the initial values of sectoral capital stock per capita (k 10 and k 20 ) that are common to both regions be specified. The simulation strategy adopted here was to start by solving the autarky model under common production and utility parameters selected, and with zero population growth. The resulting steady-state values of k 1t and k 2t were then fed as the initial values, and region-specific autarky models and the trade model were solved again under each demographic scenario. The assumed rates of reductions in the speed of population growth under Scenario 1 were decided through an iterative process in such a way to allow the population growth rate of region A ðBÞ that is declining less rapidly (faster) to reach 0 concurrently with (two periods before) asymptotic convergence to the steady-state under trade. This iterative process used also assured that the number of periods required for steady state to be reached remains the same across all solutions obtained under autarky and trade with each demographic scenario. Table 1 shows assumed characteristics of population dynamics as well as the selected configuration of parameters and other initial conditions used in simulations.
As noted before, production function parameters common to both regions were picked to make production of commodity 1 (consumption-investment good) relatively capital-intensive, and that of commodity 2 (serving as a consumption good alone) labor-intensive. y and m parameters describing consumers' preferences are also common to both regions as in the standard HO model. It can be shown that m represents the youngs' marginal propensity to consume out of labor income, and y represents the relative share of first commodity in total consumption spending of the older generation. The value picked for m implies a saving rate of 25%, whereas the value picked for y implies that the older generation devote 60% of their consumption expenditures to the commodity that serves solely as a consumer good. Given that the model does not allow for bequests, the values of both parameters ought to be reasonably realistic.
Results
Both regions start with an initial young population of 1. Since the initial growth rate of population is higher in region B under both demographic simulation scenarios, populations begin to diverge after the first period, causing the labor supply in B to exceed that in A (Fig. 1 ) and total population share of the unproductive elderly in region B to remain lower than that in region A (Fig. 2) .
The result is a gradual change in relative factor endowments (and hence, relative commodity and factor prices) that last until the growth rates of all variables have stabilized (with changes at smaller magnitudes than 10e À 6) at the end of the 11th period. The change in relative factor endowments can be observed through the developments in k t : Fig. 3 depicts the behavior of k t in both regions under autarky, and shows that the faster population growth in B causes the autarky value of capital per worker in A to exceed that in B immediately after the initial period, and to remain higher thereafter -even though the difference gets smaller towards steady state under Scenario 1 which allows for the differences in population growth rates to be gradually eliminated over time.
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As region B ðAÞ becomes relatively labor-(capital-)abundant, factor prices under autarky will begin to reflect the relative abundance of each factor. Consistently with the relative scarcity of labor in region A; the autarky wage rate in this region lies above that in region B under both demographic scenarios (the upper panel of Fig. 4) . Similarly, the relative abundance of capital in A causes the autarky rental rate in this region to stay lower than that in B (the lower panel of Fig. 4 ). In the cases of both wage rates and rental rates, the differences that are distinctly observable under Scenario 2 (the right-hand side plots in Fig. 4 ) gradually disappear along with the shrinking difference in the population growth rates under Scenario 1.
The differences in factor prices under autarky lead to differences in production costs despite identical technologies employed for each commodity across regions, giving way to relative price differences under autarky conditions. In fact, the autarky relative price of labor-intensive commodity (commodity 2) in region B initially stays below that in region A under both demographic assumptions. While the differences in the autarky relative price ratios remain marked throughout all periods under Scenario 2, they begin to converge to each other as population growth rate differences are gradually eliminated under Scenario 1 (Fig. 5) .
The differences in autarky relative prices create incentives for trade. Clearly, the capital-abundant (labor-abundant) region A ðBÞ has a cost advantage in the capitalintensive (labor-intensive) commodity as argued before. Following the opening of trade, each region begins to devote more of its resources to the production of the commodity it produces more efficiently so as to take advantage of the relative price differences, becoming even more efficient and reaching a higher productivity as compared to autarky (Fig. 6a) . This productivity advantage is maintained during trade (Fig. 6b) under both demographic scenarios -at least until the steady-state under Scenario 1 which allows for the differences in population growth rates to be gradually eliminated over time.
As each region specializes in the production of commodity it produces more efficiently and exports it to the other, the difference between autarky relative prices would be eliminated. So, trade would establish a common relative price ratio and factor prices, just as in the HO model. These prices stay strictly between the corresponding autarky values throughout all periods under Scenario 2, whereas they supply the values to which autarky prices would converge in the steady state under Scenario 1 (Figs. 4 and 5) .
Since trade allows region B to import capital through the imports of capitalintensive investment good exported by the capital-abundant A; the amount of capital per worker in A ðBÞ falls below (jumps above) the autarky level after the opening of trade. At the steady state, each worker in region A ðBÞ ends up with a long-run capital stock that is lower (higher) than he would have under autarky with Scenario 2. While the plots produced under this scenario provide for greater visibility, the differences between k A t and k B t would be much smaller under Scenario 1, getting almost totally eliminated by the time steady state has been reached and population growth rate differences have disappeared (Fig. 7) . As a result of these changes in relative commodity and factor prices, per capita GNP in region A falls below and that in region B jumps above their respective autarky levels under both scenarios. While the losses of A and gains of B get gradually eliminated toward the long-run equilibrium under Scenario 1, they remain distinctly visible under Scenario 2. In other words, Scenario 1 shows that region B ðAÞ gains (loses) from trade in the short-to medium-run, but its per capita GNP gains (losses) do not endure in the long run when both regions reach zero population growth once again as simulated under autarky (Fig. 8) .
These changes in income levels affect consumption patterns, and hence per capita welfare levels as measured by the lifetime utility of the representative individual in Eq. (13). The picture for the welfare effects of trade is similar to the case of the effects on per capita GNP. As would be expected from the foregoing discussion, trade would not produce any welfare gains for region A under either scenario. In fact, this region would be made worse off by trade, whereas region B obtains temporary (permanent) gains that disappear in the long run under Scenario 1 (Scenario 2). Symmetrically, the losses of the low-population growth region A are much smaller and transitional under Scenario 1 (Fig. 9) .
The long-run results obtained under the two demographic scenarios are summarized in Table 2 , which ranks steady-state autarky and trade values of key variables in a descending order (from left to right).
Three conclusions can be drawn concerning the rankings in Table 2 . First, despite the visible differences in the magnitudes of resulting steady-state values, the rankings of the key variables considered do not change across demographic scenarios. Secondly, the rankings are compatible with the expectations formed based on the closed-form solutions as discussed before. Third, a comparison of the rankings in Table 2 with the previously reported results in Sayan and Uyar (2001) and Sayan (2002 Sayan ( , 2003 indicates that the results here are quite robust to changes in the values of parameters and initial conditions given in Table 1 . In other words, the rankings in Table 2 are preserved for a wide range of parameter values and initial conditions, even though these affect the magnitude of long-run equilibrium values of variables and the paths leading to the long-run equilibrium. One must note also that these rankings remain similar between the first period when relative abundance of factors were first differentiated by unequal population growth rates, and the steady state due to the monotonous nature of the transition from initial to long-run equilibrium.
Conclusions
This paper addressed a largely overlooked issue in the dynamic trade literature by considering the role that differences in the speed of population growth across regions may play as determinants of dynamic comparative advantages within a HeckscherOhlin (HO) framework. For this purpose, the paper investigated the implications for trade of regional differences in population dynamics through the closed-form solutions and simulation results obtained within an overlapping generations general equilibrium framework with two commodities and two factors. To consider an HO world, the consumers populating each region were assumed to have exactly the same preferences over two goods requiring different capital intensities to produce, though the production technology employed for each good is the same across regions. It was further assumed that the regions were endowed with the same amounts of capital and labor initially, but relative factor endowments were allowed to get differentiated across regions over time due to regional differences in the way that populations (and hence, labor supplies) evolve. These demographic differences were introduced through two scenarios. Under the first scenario, population growth rates, n A t and n B t ; were assigned different initial values and allowed to decline at differing speeds across countries. The second scenario considered distinct but constant population growth rates for each region. The OLG-GE framework enabled to capture the additional changes in relative factor endowments to be observed due to the resulting differences in the rates of population aging, and hence, saving and capital accumulation behavior. The implications of unequal population dynamics for trade patterns were first explored through closed-form solutions yielding steady-state values of key variables, and the behavior of different variables over time was then captured through numerical simulations carried out using a 2-factor, 2-commodity and 2-region dynamic model of international trade.
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Both the analytical solutions and the numerical simulation exercises showed that the inequality of population growth rates would create a`la Heckscher-Ohlin differences in relative factor endowments, with the slower population growth region becoming relatively capital-abundant and the faster population growth region becoming relatively labor-abundant over time. These would give rise to differences in autarky relative prices, creating grounds for trade as in the static HO model.
On the basis of an overall comparison, however, not all the results obtained under trade turned out to be consistent with the static HO framework. The country that is relatively abundant in one of the factors specializes in the production of the commodity which uses that factor more intensively and exports that commodity, and trade leads to an equalization of factor prices as predicted by the static HO model. Contrary to those predictions, however, trade would not necessarily represent a Pareto improvement over the state of autarky. While the static HO theory rules out welfare losses for either of the countries, the results in this paper revealed that trade may be immiserizing for the country whose population grows slowly relative to the other. This is a significant finding which provides support to previous studies pointing out that welfare implications of trade predicted from the standard HO model might not be preserved under different dynamic setups. Furthermore, the results here offer the inequality of population growth rates across trading nations as a possible and previously unreported reason explaining why and how trade may not be Pareto superior to autarky.
In general, the analysis here lays the initial grounds for a rich discussion on possible consequences of the differential speed of demographic transition, fertility decline and population aging currently observed in various parts of the world. The introduction of the overlapping generations structure to the 2 Â 2 Â 2 general equilibrium framework of the HO model made the model developed here particularly suitable for analyzing the consequences of projected changes in relative factor endowments in the capital-abundant countries with low and fast declining population growth rates and aging populations vis-a-vis the labor-abundant countries with high and slowly declining population growth rates.
While the assumption that both regions use identical production technologies for each commodity they produce was employed to recreate the HO world, it presumably affects the relevance of results for real-life situations. Yet, given the ease of transferring production technologies, one can still conclude that differential speeds of population increases are indeed likely to become major determinants of trade and factor flows in the decades ahead, since the changing sizes of labor forces and age profiles of populations affect relative abundance of labor and capital.
The OLG framework described in this paper facilitates modeling the effects of demographic differences on the evolution of relative factor endowments, and the resulting patterns of trade and factor flows. Suggestions for future research include the introduction of capital mobility and migration to the trade model, and repeating the analysis here by endogenizing population growth rates so as to link the slow down in the speed of population increases to income growth over time, as observed in real life. Such extensions will certainly provide additional insights into the possible nature of economic relations between countries across which the timing of demographic transition differs considerably, and increase the policy relevance of results from simulation exercises.
